In the present paper we report new applications and developments of partition chromatography* [Martin & Synge, 1941 b] in the study of amino-acids and peptides. We have further developed the technique, aiming first at the isolation and identification of protein constituents, both amino-acids and peptides, and secondly, at a reliable micro-analytical procedure for the determination ofas many different amino-acids as possible in the same sample of a complete hydrolysate of a protein or peptide.
In the present paper we report new applications and developments of partition chromatography* [Martin & Synge, 1941 b] in the study of amino-acids and peptides. We have further developed the technique, aiming first at the isolation and identification of protein constituents, both amino-acids and peptides, and secondly, at a reliable micro-analytical procedure for the determination ofas many different amino-acids as possible in the same sample of a complete hydrolysate of a protein or peptide.
Here we describe the more technical aspects of the work and give a detailed account of the micromethod for monoamino-acids at its present stage of development, together with the results obtained with it on wool and gelatin hydrolysates. The two following papers illustrate further the application of our new methods to particular problems in protein chemistry. Throughout the present work we have employed, as previously, the acetyl derivatives of the amino-acids and peptides. EXPERIMENTAL Preparation of 8ilica gel for chromatography Adsorption by the silica of the substances undergoing analysis could seriously alter their behaviour from that to be expected were their partition between the two liquid phases the only determining factor. There must be an adequate concentration of anti-adsorbent substance in the solvent employed [Martin & Synge, 1941 b] . Silica gel prepared in different ways has very different adsorption properties, and the more adsorbent gels may require unsuitably high concentrations of alcohol before they are useful. Adsorption by the silica may manifest itself as 'tailing' of the solutes undergoing analysis, and results in imperfect separation. This is the behaviour to be expected for adsorption of the 'Freundlich' type, where, for low concentrations, thQ adsorption is relatively much greater than for high ones. 'Ageing' of the freshly precipitated gel under dilute acid before drying it is essential for the production of a suitable colour with methyl orange (MO), but if ageing is continued for much longer than prescribed, a serious increase in adsorbing power may result. Deviations from the precipitation procedure given below (order of addi-tion, concentration, temperature, etc.) result in less satisfactory products. Thorough acidification during precipitation and ageing is essential. Otherwise, low recoveries of the first acid band moving down the column will result. This is presumably due to neutralization by retained Na+ ions, and explains the low recovery of acetylphenylalanine noted previously.
Detailed procedure. The silica gel is prepared according to Martin & Synge [1941b, footnote] The presence of MO in the fractions obtained from the chromatograms has not interfered with the titration of the acetyl derivatives described below, but the indicator has sometimes been difficult to eliminate in the course of preparative work.
The 'background' colour of the MO in the chromatograms is greatly affected by the nature of the developing solvent, as well as by the silica, and may vary from bright pink to bright yellow. The solvents whose use we describe below all give usable orange background colours, although 30 % propanol-cyclohexane gives a rather yellow and insensitive column. Good lighting is essential for making the best 'cut' when the bands are not widely separated. In the absence of bright daylight we have used a 80W B.T.H. fluorescent lamp with success.
Behaviour of amino-acid and peptide derivative8 in different 8olvent By8tems We have studied in detail three different solvent systems in which the acetyl derivatives of themonoanino-acids and some oftheir peptides have suitable distributions, viz.: (1) chloroform-n-butanol-water, (2) cyclohexane-n-propanol-water, (3) ethyl acetatewater. Tables 1 and 2 give the band-rates of a number of those compounds in chromatograms employing these solvent systems. R has the same significance as before [Martin & Synge, 1941 b] , and may be related to the partition coefficient by the same formula [toc. cit.]. Since R depends on a number of variable factors, the values which we give must be regarded as a rough guide only. The ratios between these values for different compounds in the same column are, however, relatively constant.
Here and subsequently such an expression as 1 % butanol-chloroform refers to a solution in chloroform of butanol, 1 % v/v, subsequently saturated with water.
(1) Acetamino-acid8. While in general the acetamino-acids with longer and less polar 'side-chains' move fastest on the chromatograms, there are some striking differences in their sequence in the different solvents. Thus while acetylphenylalanine travels faster than acetylleucine in chloroform-butanolwater, it is not separable from it in cyclohexanepropanol-water. Acetyltryptophan, acetylmethionine and acetylproline are also relatively retarded in the latter solvent. The same is generally true for this 'more polar' class of acetamino-acids in ethyl acetate-water as against chloroform-butanol-water.
In ethyl acetate-water, however, N-acetyltyrosine is considerably accelerated.
In general, the less polar solvent (cyclohexane) discriminates more between these classes of compound than does the more polar solvent (CHCl3). However, a single parameter such as 'polarity'
probably cannot be employed for giving a complete theoretical description of such systems. Our experience suggests that new and useful solvent mixtures having specific effects with particular side-chains remain to be found. We have not yet effected a satisfactory separation of leucine from isoleucine, or of valine from norvaline, and are now unable to confirm the separation of the former using 0-5 % butanol-chloroform previously reported [Martin & Synge, 1941b] . We have not observed any separation of an optically active substance from the corresponding racemic compound in the course of this work.
(2) Acetylpeptides. The evidence presented in Table 2 suggests that acetylpeptides travel in general at rates intermediate between those of the acetyl VoI. 37 ;81
Our present material was prepared by resolution of acetyl-dl-valine [cf. Synge, 1939] obtained by acetylation of a specimen of dl-valine which we had prepared by a malonic ester synthesis from i8opropyl bromide [Marvel & du Vigneaud, 1931; Marvel, 1940] . The acetyl-dl-valine was resolved directly as its brucine salt. A number of intermediate stages that would have been necessary had we employed Fischer's [1906] resolution were thus avoided 3 g. of acetyl-dl-valine and 7-5 g. of brucine were dissoved in a minimum of ethanol, and ether was added to turbidity. Slow crystallization resulted, which in later preparations could be accelerated by seeding and stirring. The crystalline brucine salt was filtered off, washed with ether, and recrystallized in the same way from ethanol-ether. The recrystallized product weighed 4-2 g. Brucine was removed from the salt by treatment with NaOH in aqueous solution at 00. After filtration of the precipitated brucine, the solution was extracted with CHC13 to remove the part remaining in solution. Dilute H2SO4 equivalent to the NaOH employed was then added, the mixture was evaporated to dryness in vacuo, and the solid residue was thoroughly extracted with boiling ethanol. On evaporation of the combined alcoholic extracts, crystalline acetyl-lvaline resulted, which was recrystallized from water until its optical rotation and M.P. were constant. Yield 0 9 g., having M.P. 1640, (a)19 + 4.0 (ethanol, c=2) . The preparation was chromatographically homogeneous. These physical data supersede those given for acetyl-l-valine by Synge [1939] .
(2)* Acetyl-dl-norvaline. This was prepared from a specimen of dl-norvaline (manufactured by Frankel and Landau, and kindly given to us by Prof. H. A. Krebs) in the way described by Synge [1939] . The product on recrystallization from water had constant M.P. 111-112-5°. It proved, however, on chromatographic investigation to contain an impurity (at least 15%), probably an acetylleucine isomer.
This suggests the occurrence of mixed crystals. As the preparation was required for qualitative chromatographic study, the presence of this impurity was not an obstacle, and we have not yet purified the compound. The elementary composition of the preparation is in agreement with that expected from the chromatographic data. (Found: C, 53-5; H, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] ; N, 8-67%. C7H1303N requires: C, 52-8; H, 8-17; N, 8-8%. C8H1503N requires: C, 55-5; H, 8-67; N, 8-1%.) (3)* NN'-Diacetyl-dl-ly8ine [cf. Synge, 1939; Kolb & Toennies, 1942] . Synthetic dl-lysine was acetylated in aqueous solution with NaOH and acetic anhydride as usual.
After acidification with H2S04, the aqueous solution was extracted repeatedly with ethyl acetate. The syrupy residue from evaporation of the combined extracts crystallized after keeping for several weeks. The product was readily recrystallized, from ethyl acetate, in which it is rather insoluble. M.P. 140-141°. (Found: C, 52-0; H, 7-62; N, 12-1%; acid equiv. wt. 232. C10H1804N2 requires:
C, 52-2; H, 7-82; N, 12-2%; acid equiv. wt. 230.) (4)* Acetyl-l-a8partic acid. This was prepared from I-aspartic acid by acetylation and extraction from acid molution with ethyl acetate as for the previous compound. The product was syrupy.
(5) Acetyl-l-tryptophan. This was prepared according to du Vigneaud & Sealock [1932] Next it is transferred to a 60 ml. separating funnel and extracted with five successive 50 ml. portions of 17 % butanol-chloroform. The extracting solvent is used to rinse out the flask after transferring the mixture to the separating funnel. The CHC13 extracts are filtered through a dry filter paper (Whatman no. 2) into a Claisen flask from which the solvent is subsequently evaporated in vacuo, the temperature being allowed to rise to 1000. Finally, the extracted acetamino-acids are transferred in ethanol to a small flask, the ethanol is removed in vacuo, and the residue kept overnight in a vacuum desiccator over soda-lime and H2SO4. Chromatographic procedure. 3 g. of silica gel (prepared as described above) are saturated with methyl orange solution and suspended in 3 % butanolchloroform. This is introduced into a chromatogram tube having an internal diameter of 1 cm. [Martin & Synge, 1941 b] . When the column is ready, as much as possible of the acetylated mixture is transferred to it by repeated (hot) extraction with small portions (1 ml. or less) of the solvent mixture. Each portion is allowed to drain into the gel before the next is added. After about five successive extractions, the flask containing the unextracted material is put aside for the second stage of the analysis, and the chromatogram tube is filled with the solvent mixture for development (3 % butanol-chloroform).
The bands corresponding to phenylalanine (1), (leucine + i8oleucine) (2), and (proline + valine + methionine) (3), are allowed to run out and are collected separately in pyrex flasks. The surface of the solvent is then allowed to sink until it is level with the top of the silica gel. At this point the acetylated material remaining in the flask, previously dissolved by boiling with about 1 ml. of 17 % butanol-chloroform, is run on to the column. This is allowed to sink in, and after the flask has been washed out three times as before, development of the chromatogram is continued with the new solvent. This causes the bands corresponding to tyrosine and alanine, which have up to now been moving at nearly the same rate (ahead of the glycine, cystine, lysine, glutamic acid, etc.), to move faster, and at the same time draw apart from one another, the tyrosine band (4) running approximately twice as fast as the alanine band (5). These fractions are allowed to run out, and are collected separately. Fractions 1-5 are freed from butanol-chloroform by evaporation on the water-bath in vacuo. Frac-6-2 tions 1 and 2 are further analysed exactly as before, on columns containing 2 g. of silica, but using 5% propanol-cyclohexane instead of butanol-chloroform. The main band from each chromatogram is run out and collected (1.1 and 2-1, Table 3 ) free from any minor contaminants moving at different rates. Fraction 3 is similarly fractionated with the same solvent mixture on a rather longer column gives rather poor separations between bands 1, 2 and 3. Thus the low recovery of phenylalanine and the excess of leucine no doubt result from the collection of some of the former material with the leucine band. Similarly, some of the-leucine was collected in the proline-valine-methionine band, but this does not affect the accuracy of the analysis because, although inseparable from phenylalanine, In this experiment 3 % butanol-chloroform was used for the initial fractionation because it causes more rapid movement of the bands, even though it leucine can easily be separated from proline, valine and methionine on the propanol-cyclohexane column. As previously reported [Martin & Synge, 1941 b] , good separations of bands 1, 2 and 3 can be obtained by using 1 % butanol-chloroform, and unless a longer column is used, this solvent is recommended for development until bands 1 and 2 have been run out of the column. No tryptophan survived the conditions to which the mixture was subjected-had any done so it would have been detected during the further fractionation of fraction 2 with propanol-cyclohexane. The work reported in our paper on gramicidin Original 84 I943 [Gordon et al. 1943a] shows that substantial recoveries of acetyltryptophan result when tryptophan is present, with simpler amino-acids, in large amount, and when the hydrolysis is conducted with exclusion of air. Even here, however, some destruction of tryptophan occurs.
In the control experiment here reported, the following 'artefact bands' were noted during refractionation of the materials from the first column with propanol-cyclohexane. All were present in small amount.
Fraction 1 Fraction 4. (a) A band moving at about half the rate of the tyrosine band.
It seems possible from the high value of the tyrosine recovery, that a contaminant not separable from it by this procedure is present. Although none of these artefact contaminants is present in very large amount, they render quite inaccurate the single fractionation procedure originally given by Martin & Synge [1941b] . Moreover, as they are probably formed by alteration of the original components of the mixture, this may explain the lower accuracy of the present determinations where a known complicated mixture was heated with acid in the open, as compared with those reported by Gordon et al. [1943b] for a much simpler known mixture heated in vacuo. These considerations are important and introduce a factor of uncertainty, stressed by Moore et al. [1942] , into the process of relating the results of analysis of a protein hydrolysate to the amino-acid composition of the intact protein. Analysis of wool and gelatin Wool (Merino 64's) and gelatin (from the same batch of cow-hide gelatin studied by Gordon et al. 1943b ) were subjected to analysis by the procedure given above. The results of the analysis (uncorrected) are shown in Table 5 , together with previous data on wool. The analysis of gelatin is correlated with the data of other workers in an accompanying paper [Gordon et al. 1943b ].
Before acetylation the wool hydrolysate had been extracted with CHCl3 to remove non-amino-acid constituents [cf. Martin & Synge, 1941a] . The artefact contaminants noted in the control analysis were all present also in the wool hydrolysate, but one additional artefact was noted, which appeared as a slow-moving band in fraction 2.
In the gelatin hydrolysate, contaminants 1(a), 3 (a), 3 (b) and 4 (a) were absent, but two faint bands (one ahead of and one behind th6 leucine band) were noted during the fractionation of band 2. A faint band running at about half the rate of the proline band was noted in the fractionation of band 3. Some of these differences may be attributed to the absence of tryptophan from gelatin; the absence of cystine is probably also of significance.
The most striking feature of the analysis of wool is the phenylalanine value, which has been much lowered by the elimination of 'artefacts '. The possibility that aromatic constituents as yet unknown are present is suggested by Block's [1939] higher value, obtained by the not ,very specific colorimetric procedure.
Otherwise the results are in substantial agreement with those previously recorded [cf. Martin & Synge, 1941 a, for bibliography] . The value for alanine is the first to be reported for wool since Abderhalden & Voitinovici's [1907] ester analysis, and is in substantial agreement with their figure. 2. New data are presented on the behaviour of a number of these compounds in different solvent systems.
3. A micro-analytical procedure is described for the simultaneous determination of phenylalanine, (4-9 2-8 -I2-1 Marston [1928] i2-3 Block [1939] 3.9
4-1 Abderhalden & Voitinovici [1907] I943 leucine isomers, valine, methionine, proline, alanine and tyrosine in the hydrolysate of a single sample of protein.
4. Determinations of these constituents of wool and cow-hide gelatin are reported.
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The bactericidal substance gramicidin, isolated by Dubos et al. from cultures of various bacteria [for bibliography cf. Dubos & Hotchkiss, 1942] is of polypeptide character, yielding on acid hydrolysis a mixture of amino-acids, some of which possess the 'iunnatural' d-configuration [Hotchkiss, 1941; Lipmann, Hotchkiss & Dubos, 1941; Christensen, Edwards & Piersna, 1941] .
We have subjected acid hydrolysates of gramicidin to analysis by our new techniques [Gordon, Martin & Synge, 1943a] and have been able to confirm and extend most of the data of these authors.
Taken in conjunction with the analytical results of Hotchkiss [1941] , our analyses suggest that the gramicidin molecule contains 24 amino-acid residues or some integral multiple thereof. These are made up as shown in Table 1 .
The presence of leucine and tryptophan residues in gramicidin has already been established by isolation and characterization [Hotchkiss, 1941; Christensen et al. 1941] . Christensen et al. also claim to have isolated alanine through its dioxpyridate and phosphotungstate, although no experimental details are given. They obtained a negative result for glycine, using the colorimetric method of Patton [1934] . We have established the occurrence in the hydrolysate of alanine, valine and glycine by isolation and characterization as the acetyl derivatives, and have confirmed in the same way the presence of leucine and tryptophan. Our technique was not suitable for the isolation of the hydroxyamino compound [Hotchkiss, 1941] . We have, however, established by control experiments (see Experimental Section) that serine is
